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/. INTRODUCTION 



Two surveys were conducted in San deineintc Basin hy the R^\' Pennt Snr \n measure 
the structure of ocean currents and temperature. The first cruise took plac-e during 17-21 
July 1989 and tlie second during 2-6 September 1989. The ocean currents were measured 
by a shipboard Acoustic Doppler Current Profiler (AD(M^) and the tcmj'^erature was 
measured by expendable BathyJ'liermograph (XB'f). Presented in this repoii are veloc- 
ity and temperature data collected from ADCP and XB’f during these wvo cruises. JJic 
XB'f was used only doing the second cruise. In this report, we (Vnus ihc second 
cruise in which the ADCP^XB f data can be combined in some detail. 

This report consists of six sections. Section two discusses the data piocessing and 
calibration. Section three contains ship tracks for the study area off San ('lemcnte Is- 
land, the locations w’hcrc XB I s were launched, vertically averaged currents for din'erent 
layers, and twenty current profiles. Section four includes sections n\ r>nshore and 
alongshore currents, as wqW as sections of standard deviation of onshore and alongshore 
current components. Section five consists of 74 profiles of temperatuK' and the tem- 
perature gradient microstructure on the 8"’C\ 9°T and isotherm. The final section 

discusses the [low pattern in San (demente Basin and possible causes of tlu'S(' flow pat- 
terns. J'his project wus sponsored by the Naval Tngineering Systems (d'lmnvmd. 
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//. FIELD PROGRAM 



1) . Observations during the first cruise (SCBFL I) 

The R/V Point Stir departed Moss I.ancling on the morning (1600 I ' T) o( (7 Inlv 1989. 
The course follovvecl during the steam to the study area is shown in l igiirr I [ a (32° 
52.8' N 119° 09.2' W). h (33° 06.3' N 118° 54.2' W). c (32° 35.2' N 118° 46.7' W), d 
(32° 48.8' N 118° 31.8' VV).] The track was designed to niinimi/e course clianges while 
allowing the ship to remain in water shallower than 400 m (the depth range of the 
ADC'P). This allowed for current oh.scrvations through the entire waiei ( oinmn during 
the transit down the coast. Ship speed to the study area was appro\imaiel\ 10 knots. 

The ship arrived at the northwest corner of the study area on 18 .liilv at I 070 I "I , Ship 
speed was reduced to approximately 5 knots to increase spatial resolution (or tlie ADCT. 
'I'he course followed in the study area consisted of 8 transects and a reciprocal course 
(figure 1). 

I’ollowing completion of the grid, the ship increased speed to |0 knot', and sicamed 
back to Moss I anding. Ihc ship arrived in Moss I anding at 2230 1' f on ’’I Inlv. 1989. 

2) . Observalions during the second cruise (SCBE M) 

During the second cruise, ship's speed was increased to approximaielv ') knots \\hile in 
the study area thus allowing the grid to be completed twice. 

The ship departed Moss I anding on the morning of 2 September. I98*l ,u 1700 (IT. 
'I'he track followed to the study area was the same as the first cruise on 17 Inlv 1989. 
XB l s were dropped every two hours starting at 2000 (' f on the wa\ to the stiuly area. 

The ship arrived at the northwest corner of the study area on 3 Seiitembet at 2240 1 I T. 
I he course followed during the (irst pass over the study area consisted o( eit'ht transects 
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(Figure 3). The transects were made in a northwest to southeast (lircctio?is hack and 
forth. The eight transects were finished at 2330 \V\ on September 4. 

The frequency of Xlff drops was increased to one per hour in the stn<]\ area. 1 he 
station numbers and positions of XBTs dropped during the first pass o( the grid are 
shown in Figure 3. 

Tlie second pass over the study area consisted of eight transects oriented perpendicular 
to those of the first pass. During this pass the ship speed was reduced to 74> knots ah 
lowing slightly better spatial resolution of ADCT data as compared to the first pass. 4'he 
time needed to complete each transect was increased to about 4 hours 

Position and station number of XB'f deployment during the second pass o( the grid arc 
shown in f igure 5. ‘Transect eight of the second grid was completed at 0040 U'f on 6 
September . 

f^ollowing the completion of two passes, the ship increased speed to Itt knots and 
steamed for Santa Barbara, arriving at about 2000 I I f on September 0 
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III. DA TA PROCESSING 



1) . Raw data processing 

The ADCI’ data were processed by Paul .lessen of the NPS Oceanography Oepartment. 
The first step is the correction of navigation data. "Bad" navigation data arc replaced 
with values linearly interpolated from the preceding and following "good" data. I'rom the 
corrected navigation data, the ship velocity is calculated, fhe second step in processing 
the data is the initial determination of the depth (bin number) to which the data of each 
ensemble remains reliable. If the percent of good returns drops below ‘'0"-., all deeper 
data arc dropped. 

After the first and second steps a reference layer five bins wide (62-78 m) was chosen, 
'fhe choice of a rcrcrcncc layer depth is some what arbitrary, but appears to h.avc little 
affect on the final calculated water velocities. Subtracting the ships vclocitv from the 
average velocity within the chosen reference layer yields an absolute rcrcrcnce layer ve- 
locity for each ensemble. The scries of absolute reference velocity was filtered with a low 
pa.ss Hanning window filter. The cutolT frequency of this filter is in ihe range of 
0.03-0.05 cycles per minute. 

2) . Rotation (pitch, roll and heading) 

The AD('P measured currents arc relative to the ADC'P, which c.in be oiientcd arbi- 
trarily and moved relative to the earth. It is necessary to correct the data fm AO('P at- 
titude and motion. There arc two kinds of motion that require eorre< li(^n• rotation 
(pitch, roll and heading) atui translation (ship velocity), ’fhcrc arc mam wavs- to measure 
rotation and translatioti. The use of one of the following specific methods depend on a 
variety of factors; 
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Rotation (heading) 

I. Gyrocompas>: 



2. Idnx-gatc compass 
Rotation (pitcli and roll) 

1. vertical gyro 

2. pendulums 
Translation 

1. Navigation device (I ORAN-(' system) 

2. Bottom tracking 

3. Assume a 'layer of no motion' (reference layer) 

A scheme for AI)rP calibration which may take advantage of bottom ii.-u king by the 
AD('P if water depths are not too large, is illustrated as follows (.loyce.PiK')) 1 et(u'.v') 
represent the east and north velocity components as measureil in the (\ ,\ ) coordinate 
frames and (u,v) the east and north components in the true (x.y) coordinate'- Velocity 
in the two coordinate systems is related bv 



'■’w = 'V + f + i;/ro,sor) 

Where (//„.i'„) is the water \elocity, (it.w) is the ship velocity, and (//,,.e ) is the Doppler 
velocity, /? is the scale Pictoi. and a is the heading angle between true north and meas- 




( 1 ) 



fhus the water velocities in the true (x,y) coordinate frame arc: 



!/„, = 11^ + ( 1 4 (i)(UjCo\iy - 



( 2 ) 
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iirccl nortli direction. I'hc water velocity further dccoinpo.<:e(l into oH'shorc (U) 

and alongsliorc (V) components by using a similar rotation fortmila; 



where y is 313°. This coordinate system is shown in figure 8. 

3). Other Data Collection 

In addition to ADC'P and XB I data, meteorological and surface oceanographic data 
were collected by a Serial ASril Interface Loop (SAIL) system, fhis svstem monitors, 
averages, and stores: ship position, speed and heading, relative wind speed and direction, 
air temperature, dew point temperature, sea surface salinity, sea surface temperature, 
visible and infrared solar insolation, and sea surface skin temperature. I'hcse data were 
averaged over 30 second intervals and recorded on an IIP9826 computer. 

AVIIRR imagery is being processed by the Oceanography Department of the Naval 
Postgraduate School. 




( 3 ) 
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IV. CURRENT STRUCTURE 



Two flow patterns can be discerned from these surveys, a strong alongshore poleward 
current (centered at 5-15 km from San ('Icmente Island) and two small-scale eddies 
(further tlian 30 km from San C'lemente Island). In figure 3. AOri’ daia were missing 
from station 35 to station 37. In figure 4.i, a lot of data were dropped due to had return 
signals around 400 m depth. 

1) Horizontal Current Patterns 

Figure 4 shows the vertically averaged current in following layers ; I2-7S m. 42-58 m, 
92-108 m. 142-158 m. 192-208 m. 242-258 m. 292-308 m. 342-358 m and -5')2-408 m. 
These were made during the first pass over San ('lemente Basin oti criiise S( BF II. Re- 
sults arc: 

(1) The poleward flow center is located II km offshore. Strongest currents are in the 
12-58 in layers with flow speeds of over 50 cm's and arc located olfshorc F' km near 
32° .50' N 118° 46' W from the surface to a depth of 400m. 

(2) fhe first eddy center is located at 32° 50' N 118° 59 W and the second eddv center 
is located at 32° 45' N 118" .50 W, The length-scale of these two eddies is .ipprovimatcly 
10 km. 

Figure 6 shows the vertically averaged current in the following la\crs: P ’’8 m. 42-58 
m. 92-108 m. 142-158 m. 192-208 m, 242-258 m. 292-308 m. 342-358 m and 0)2-408 m. 
fhesc were obtained during the second pass over San ricmcnte Basin on > mise S('BF 

11 . 

Figure 5 shows the cruise track during the 2nd pass. Station 42 ami 48 were in the same 
location hut 6 hours apart, ami stations 57 ami 64 arc seven horns apart Associated 
with this time din'crcncc is a change in the direction of the mean How ai these stations. 
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1'hc circulation measured during tiie second pass, ngurc 6. a to 6.i. \\a^ miu'h difrerent 
from the circulation measured during the first pass, figure 4, a to figure 4 i. especially in 
the poleward How area. Nevertheless, the current flows poleward stmngh at both times. 

2) Current Profiles 

Twenty current (u,v) profiles w'ere plotted (figure 8. a - 8.t). F.ach profile rcuisists of IJ 
and V components from the sea surface to a depth of 400 m over the San Hemente 
Basin, where V and V are onshore and alongshore velocity respectively. 

The location of these data was shown in figure 7 where stations Ml. \P ...M9 were 

in the poleward flow area, stations FI, T2 H6 represent the regiem of the first eddy 

area, and stations Dl. D2 D!> represent the second eddy area. 

( 1 ) Figure 8.h shows strong alongshore flow at station M2 of over 50 cm ^ at the surface 
with the velocity decreasing rapidly at about 30 m depth. Stations MT M4. M ^, M6, 
M8 (figure 8.c, 8.d, 8.e, S.f, 7.h) show a strong alongshore flow pattern. 

(2) Figure 8.k and 8.1 at the center of the first eddy showed a weak flow from the surface 
to a depth of 400 m. 

(3) 'fhe mean flow pattern in the study area was shown at F'ig. 8.u. 1'hc •^tremg poleward 
flow velocity (15 cmN) from the surface to a depth of 30 m decreased gradually with 
increase of depth to a velocity of approximately 5 cm/s at a depth of'dbo m, fhe mean 
ofTshore flow velocity of 5 cm/s in the upper layer decreased to I cm at a depth of 250 
m. 
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3). Sections of Onshore and Alongshore Currents 



Figure 9 sliovvs the coordinate system and the primary cruise track along which most 
shipboard current measurements were made during the second pass over the study area 
from 4-6 September, 1989 during STBIt-II. The coordinate origin is at V" 4"? 1 IS” 

26' W, and the Y-axis has been rotated to 313'’, i.c. from a north to a not f Invest direc- 
tion. 4 he study area is located in the minus X direction. Primary lines were separated 
approximately 7-8 km from 0 km to .S4 km from southeast to northwest 

Figure 10 show’s the section of onshore and alongshore currents from the ''I km to the 
zero km line. 

(1) The figure indicates strong poleward current on the surface at an ollsln'ie distance 
approximately .3- 10 km with weak flow offshore 20-30 km. Fquatorward current in- 
creased farther offshore beginning at a distance of 3.S km. Hach primarv line from north 
to south displays strong mean current flow of approximately 20 envs. located offshore 
10 km, from the surface to 400 m depth. 

(2) Onshore currents arc variable, fhe l.'i km line in Fig. 10. f shows a siione onshore 
current of 15-30 cm's, fhe 31 km and 23 km line also show a somewhat simne onshore 
current, but the .54 km and 39 km line show ofl'shorc flow. 

(3) A jet appeared in Fig. 10. c to 10. h with a speed of around 35.4s cm s | he core of 
the jet appears to accelerate and move onshore from Sotrth to \orth, 

(4) (.'yclonic eddy structure can be found from a transition zone on the t| km isrimary 
line (figure 10. d). 1 he .39 km line (figure 10. c) contains opposing alongshoie Hows and 
the 31 km line onshore current, fhe 39 km line has offshore flow. 
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4). Sections of Standard Deviation of Onshore and Alongshore Currents 



The standard deviation of fluctuations arc a measure of the variahilit\ of the current 
velocity. Fluctuations in M and V about their mean values (Fig. I l.a - Fig. I Fh) arc at 
least as large as the mean velocity. Far from shore, the fluctuations in I ' and V are 
weaker. As the coast is approched the fluctuation in V arc stronger. 
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V. THERMAL STRUCTURE 



Temperature data were collected using XB'!' probes during the SC'Bl' II (d 6 September 
1989). 74 XB'Fs were launched; about 60 XBTs were dropped in the siudv area. 

Data reveals the thermal structure: 1) I hc thickness of the upper mixed lavei was very 
shallow { '' lOm) and varied slightly during the S('BIi II second pass, and ?) the tem- 
perature was between 6'’ C' and lO" (' in the upper 400 m. 

1) . Section of temperature at the primary onshore and offshore line 

Vertical temperature cross-sections from the km primary line to the t> km line arc 
shown on Fig. I2.a-12.h. I'toin these plots, the temperature stratiftcaiinn o\ei the study 
area is distinct from surface to 10 m depth. Ihc 8" (’ contour varied from 26()m-.100m 
depth on each primary line. 

2) . Isotherm deptli in tlie study area 

Figure ll.a-l .l.c arc the depths of the 8", 9'’, 10" (' isotherms. In figure H.a, the depth 
of the 8° f' isotherm showed a strong offshore tcmpcrtiturc gradient. |n 'o km to the 
west of S('I. flic 9" and I0" isotherms also showed an offshore temperature grttdient; 
the gradient became larger when closer to Sf'l. 

3) . Temperature profiles 

Figures 14.1-14.28 show tcmpcrtiturc profiles from station 1.1-42 on S( Bl II during the 
first pass over the study area. 
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In I'ig 15.1-15.74, temperature proTiles are .<;lio\vn from station 4.V74 on Sr 111 II dur- 
ing the .second pass over the study area. By comparing XB I' drops between the first and 
second passes, 6 pairs of XBT stations were found at almost the same plac e (stations 
18-70, 25-62, 32-72, 37-57, 30-65, 41-48.) 

Fig. 16 shows the comparison of temperature profiles at three stations rt7-57. 39-65, 
41-48) located in the mean flow area. The vertical profiles of temperature varied only 
(< I" C) for passes 10-24 hours apart. In the eddy area (stations 18-70 ;ind 25-62), 
mixed layer temperatures dropped 0.5° (' in the 24-48 hours between passes I here was 
little temperature change below the mixed layer in the eddy regime. 

Mean temperature profile in figure 17 shows a very shallow mixed fixer Mess then 10 
m). The thermocline extends from 15 m to .50 m depth and the temperature across the 
thermocline is about 9° ('. Below the thermocline temperature decreases slowly with 
depth. T he lapse rate in the layer below the thermocline is around 0.8° ( lot) m. 
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VI. CONCLUSIONS 



Data from tliis report show I) tlic topographic efTects on the coastal airrents near San 
Clemente Island. 2) I'hc the transition 7onc of the Southern C'alifornin ( iment system. 

(1) Two difTcrent flow patterns were observed. Strong alongshore poleward (northwest) 
currents were (centered at 40-60 km west S('I) atid small-scale eddies (farther than 60 
km west of SCI). 

(2) The alongshore poleward currents intensify in the poleward direction. This 
intensincatioti can reach .^00 m depth. 

(3) Two small-scale cyclonic eddies were observed during the second cruise I hey were 
located at (1 19<’ ,V W,32" .“^.V \') and (1 18" .S3' W. 32" 47' N). I hc length scale of these 
two eddies is approximately 10 km . 

(4) The appcaraticc of the eddies hcwccn the northwestward coastal current and the 
California (htrrcnt ofTshorc is believed to he due to the hori/ontal shear. 

(.S) The XR'r data show that the mixed layer depth was very shallow ( lo m) during Ihc 
second cntisc. 

(6) The 8" (' isotherm thickness indicates a strong haroclinic 7onc (i.e. a strong across- 
coastal tetnperature gradient), which is nearly parallel to atid 10- to km w est of SCI. 

(7) The coincidence of the strong alotigshorc poleward curretits with the haroclinic 7onc 
and the disappearance of these two systems 3.3 km farther from the .SCI suggests a large 
impact of the topography in the San ('Ictncntc Island regime on the oceanic ( nrrents and 
thermal structure. 
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Figure 2c Vcrlically ovcr.igcd ciirrcnl<; f‘)2-IORm) measured flminp the 

Figure 2h VcriicaHy averaged correntc (42-5Rm) measured iluring Die cruise SCnF-l (!<>2n UT. IR July *1411 UT. 20 hdy). 

cruise SCRF-I UT. IR July - 1411 UT. 20 luly) 
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(N)aaniiivn 
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Figure 2d Vcriicnily nveraped currenK (M2-I^Rm) mcaMirrd dtirinp the Figure 2c. Vcilicaliy avenged eurrenl^ (l<>2-2nRm) me.iMircd tliniup il»e 

eruKe SCOE-I (1920 LIT. IR July - Ml 1 UT. 20 July). cruise SCBE-I (M20 LIT. IR July - MI I UT. 20 July) 




(N)aanxiivT 




(MJaaniiivi 
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ripuic 2h. Vcriiolly nvcnfcl corrcnK (M2-JSSm) mc.^uic.l dminy ihf j. vciically nvcr.ifcl curfcnu (302-dnRm) (be 

crime SCRE-I UT. IK Inly . 1411 LIT. 20 Inly). SCOR-I (l'>2ll UT. in Inly - 1411 UT. 20 Inly). 
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Figure 3. Cruise Irnck follnued during the Fust pnss over the study off 
San Clemente Island during the sceond eruise SCnE-ll 2-d Septembei. 
I')89. The solid triangle Adenotes location of XBT soundings. 
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Fipure 4(1. Vcriically avcrapcd cufrcnt’; (142-1, SRm) mca^urnl durinp the Figure 4c. Vcrlicnlly averaged current'; n92'2nRm) mca^urc<1 I g 

cruise SCnU-ll (2240 (IT. ;( Scpiemher • 2.Vm UF, 4 ^cpiemhcr). cruise SCBE-l I (2240 UT. 3 Sepicml>er - 2.T^0 UT. 4 ScpiemHcO 
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Fipurc 4f. Vcritcally nvcrnpc<l ciirrcni»i (242*2^Rm) measure*! ihninp ilir Figure 4g. Vertically avcrapc<l currents (292*.'^0Rm) mcasurc<I <Itirinp ihc 

cruise SCnn-lI (2240 UT. September * 2V^0 UT, 4 Sepirmbet) cruise SCBF-11 (2240 UT, 3 September • 2330 UT, 4 Scpicmbeil. 
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figure Hh Vc.licelly .veruge.l cur.ei.« (H2-3.Mtm) mceMircl .Iminp .hr F'S"'' VcMicMIy ..vc. •■.Re.l euneuK (3UJ.40S...) me.-.M.re.l .1..- 

cuiec SCnE.n (2240 UT. 4 Sep,en.tKr - OMO UT. 0 Scp.en.hr,. " ' '' ' 
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Figure 7. Disiribuiion of loc.'iiions ni which a vertical profile f>f • Figure 8a. Vertical profiles of currents (u,v) at Ml in iigiirc 7 

current; mca^^urccl by the ADCP i<; ptc<^enlcd in following fignies. 
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[■igliic Xb. Vcrticnl profiles of currents (u,v) at M2 in rigiiic 7. 
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Figiiic 8(1. Vcrlical profiles of curicnls (ii,v) at M4 in figuic 7. Figure 8c. Vertical profiles of currents (u,v) at MS in figure 7. 
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riguic 8f. Vcrtic.-il |iro(1lc.s orcurrcnis (u,v) ;il M6 in figure 7. Figure 8g. Verticul profiles ofcurrenls (u,v) at M7 m figuic 
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Figure 8i. VcrliCcnl profiles of ciii ienis (u,v) nt M9 in rigure 7. 
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Figure 8j. Vertical profiles of currents (u,v) at El in figure 7. Figure 8k. Vertical profiles of currents (u,v) at E2 in figure 7. 
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ripinc XI. Vcrticnl profiles of cuncnls (n,v) ni in fi^iiic 7. Figure Xm. Verlicul profiles of currenis (u,v) nl F4 in figuie 7 
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I'ipnic 8n. Vcriicnl prolllcs of ciincnls (ii,v) al 135 in ripurc 7. Figure 8o. Vertical pronics of currents (u,v) at F6 in rigiirc 7. 
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Figure Xq. Vci ticnl profiles of currents (u,v) at 1)2 in figure 
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F'igiiic 8r. Vertical picnics of currents (ii,v) at D3 in fignie 7. Figure 8s. Verlical profiles of currents (u,v) at 04 in ngure 7 
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l iguic S(. Vcilical pionics oraincnl.s (u,v) a( D.-> in rigiirc 7. Pij,„rc g,,. Mean vcrlicnl pmr.lcs ..fcm.cnls (u,v) ni sludy 

given in figure 5 . 
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Figure <?. Coordinate <:ysicm and primary eruise lines along whieh 
most shipboard eurrent measurements were made. 
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Figure lOa. Vertical cmss-scction of onslinrc arui alongslunc cnncnl 
components at Hie km line in ngurc 9. 
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Figure lOb. Vertical ci nss-section of onslioie nn<! ainngshojc cnncnl 
components at the 4b km line in figure 
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Figure lOc. Vcrticoi cross- section of onshore nnd alongslu)ic curroni 
components at Ihe 39 km line in ngure 9. 
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Figure lOd. Vertical cross-section ofcmshoic nnd alongshore cimenl 
components at the 31 km line in figuic 9. 
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Figure lOc. Vcrlical cio«^s-sccli<>n of onshoic nml alongshore cimcni 
components ol Ihe 23 km line in Hgure 9. 
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Figure I Of. Vcrtic.il cross-scc(ion of onshore nn<I alongshore cimcni 
componenis nl lire I km line in Hgiirc 
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Figure lOg. Vcrticjil cioss-scclinn of onshore anti alongshoie ctiiicni 
eomponenls at (he 8 km line in Figure 9. 
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Figure lOh. Vniical ci<»ss-scclion of onshore ami alongshoic cmicni 
components al ihc 0 kni line in Figiiic 9. 
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Figure I la. Vcrlicai cro<;s-scclion of slan<iard deviation of onshoic ami 
aiongslmic cm rent components at the 54 km line in rigmc 9. 
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Figure i 11). Vcilieal ci (»s^-sccti(m of standaid deviation (^fonslmir and 
altwigshorc cm lent compimcnls at the 46 km line in fignir 
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Figure I Ic. Vertical cmss-scclion of standard deviation of onshore ami 
alongshore cnncnl components at tlic 39 kni line in figure 9. 
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Figure I Id. Veilical cioss-sedimi of standaid deviaiicm of onshoie and 
alongshoie eiincnl cnniponeiils at the 31 km line in figim* *) 
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Figure ! Ic. Vertical cioss-sccllon of staiulord dcviniion ofon«;hMic :in«l 
alongshore current components at the 23 km line in fignic 
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Figure I if. Vcrlicul tr(»s';-sccli(m of sinminrd deviation of onslmic ami 
ah)ngshoic currcnl components at tlic 15 km line in Hgiiic o 
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Figure I ig. Vcrlical cross-scclion ofslniuiard deviation of onshore and 
alongshore euneiU eomponenLs at the 8 km line in figuiv 
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Figure I lli. VcilienI cioss-seclion t'f sinndaul dcvialion of nnshoif and 
alongshore ciiticiU coinponenis at the 0 km line in riguir 
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Figure I2n. Vcilic;il cin'5';-‘;ccii<*n of Icnipcrnlurc ot Ihc km line m FiL’mc ^ Figure I2b. VertienI ero^<i*<ieeiinn of icmpcratuic nl the 46 km !uie ii> Iilmiic 
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Figure 12c. Vcrlical cro^<;-<;cction of icmpcrnlurc nt the 23 km line in Figure 9. Figure 12F Vcrlical crn^s-^^cction ('f icmpcralurc nt the 15 km line in lienrc 9 
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Figure 13a. The depth of C i^^otherm at study area. 
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Figure 13h. The depth cT C isntheim at sUid\' area. 
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Figure 13c. The depth of 10"' C isotherm at study men. 
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TEMPERRTURE (Deg C) _ _ , ^ _ TEMPERRTURE (Do 
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Fi(;iirc M..5 Vcriicnl profile of Icnipcraliirc measured hy XRT al sialion Figure 14.6 Vertical profile of Icmpcralurc measured by XBT at sinliou 

No. 19 in figure 3. 20 in figure 3. 
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Figure H.X Vcrticnl profile of lemperaUire mensured h}' XBT ;H sinlf 
Figure 14.7 Verticnl profile of lem pern I tire men.siired Fj' XRT nl slnlion 22 in Figure 3. 

No. 21 in figure .3. 
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TEMPERATURE (Dog C) . ^ ^ TEMPERRTURJ (Dog C) 




.1 I I I I 1 I 1 1 . I 

0 001 000 00C 00t> 00S 

(ui) qidDQ 




60 



Figure 14.1 1 Vertical pronic of Icmpcrnluic measured by XWT at siaiinn Vertical pronic of temperature measured by XBT at stnlinn 

No. 2.S in Figure No. 2b in Hgurc 3. 
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Fiputc 14.15 Vertical profile of Icmpcralurc mcn.surcd by XDT at Mation Figure 14.16 Vertical proFilc of Icmpcralurc mca.iurcd by XOT ai viaif 

No. 29 in figure y. No. 30 in Figure 3. 
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TEMPERRTURE (Daq O 4 c o TEMPERRTUR^E (Dog C) 




G 

u> 

V — 

r> 

CD • - 
•CDCK 

ru — 

cn2 

idUoo^ 
QQ\ t 

h-e> 

(12 - 
-JO 
-JU 
h- 

c 

□ 



,1 I 1 ^ 1 I L_ 

0 001 002 002 

(ui) qidoQ 



-j . I 

00b 002 




64 



Pipurc M.I9 Vcrticnl profile of (cmpcrnliirc nicnsurcd by XBT ni >;iniion M.20 VerlienI profile of icnipernlure niensiirecl by Xm ;ii M.-iiion 

No, .1,^ in Hpure .1. 3. 
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Figure N.21 VerlienI proFilc of Icmpcrnlurc mcasuicd by XBT ni <;lnlion Figure 14.22 Verlieal profile of lemperaturc measured by XRT ai si.tI 

No. .l.a in Figure V No. 36 in Figure 3. 
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Fipmc 14,25 Vertical profile of temperature measured h\' XBT al si;u 
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Figure M.27 Vcrticnl proFilc of temperature mcn'iurcci by XBT at Mniicui Figure I4.2R Vertical proFilc of temperature measured by XBT at station 

No. 41 in Figure 3. No. 42 in Hgurc 3. 
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Figuic IS. I Vcriicni pinfilc of Icmpcrnliirc mcnsiircd b> XBT ;ii »;i;Minn Figure 15.2 Vcrticnl profile of lemperature measured hy XBT a 

No. 43 in figure 5. No. 44 in figure .S. 
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Figure 13.7 Vertical profile of icmpcraturc measured by XBT al vialion Figure 15.8 Vertical profile of Icmpcralurc measured by XBT al siaiion 

No. 49 in figure 3. -^0 in figure 3. 
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F igiirc I.*'. 13 Vertical profile of icmpci alurc mcasurccl by XBI at '.laiion Figure 15.14 Vertical profile of temperature measured by XBT ai siaiion 

No. 55 in ngurc 5 No. 56 in Figure 5. 
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ipurc I 5.15 Vcrlicnl proHIc of tcmpcrnlu.c mensural by XRT nl simion Figure 15.16 Vertical proHlc of lempernture mensurecl by XBT n. si.nir 

No. 57 in Figure 5. 
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Figure 15.19 Vcrticnl proFilc of tcmpcralurc mca.surcd by XBT ni <;i;Uion Figure 15.20 Vertical profile of icmpcraturc mca.surcci by XBT al <:laii(>ii 

No. 61 in ngurc 5. No. 62 in Figure 5. 
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Figure 1123 Vcriicni profile of temperature measured by XBT at simion ‘^mperature measured by XBT ai siaii, 

No. 6.S in figure .1 .3. 
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Figure 1 ‘^.23 Vcnicai profile of lemperalurc measured by XB f ai si anon Figure 15.26 Vertieal profile of temperature measured by XBT at si a lion 

No. 67 in figure 5. No. 6R in figure 5. 
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Figure 15.27 Vcrticnl profile of lemperaliire measured by XRT nl l.ili i Figure 15.28 Vertical profile of tcmpcraUirc measured by XRT n( vtniion 

No. in figure 5. jq jp figure 5. 
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Figure 15.30 Vcrticnl proFilc of icmpcraturc measured by XBT al ^lair 

Figure 15.29 Vertical profile of temperature measiiied by XBl al a lion 

No. 72 in figure 5. 
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Figure IT). Six cnmpnrisoiis oT (cmpcialurc pronics between fiisi aiul 
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Figure 17. Mean temperature profiie at study area gi\cn in riguic 
and figure 5. 
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